close relationship between epicardial ST-segment elevation 15 min after coronary occlusion and the degree of myocardial necrosis 24 hours later documented by tissue CPK depletion and histological examination. Unipolar epicardial electrocardiography was performed at one-tenth sensitivity (1mm = lmV) and a permanent record made on a Hewlett Packard 7712 recorder. The number of sites with ST-segment elevation equal to or greater than 2 mm (NST) as well as the sum of ST-segment elevations on all 36 epicardial sites (E ST) were determined in each experiment. In the interpretation of ST segment changes, the midpoint of a sloping ST segment was chosen as the point of reference and any beat with a QRS duration exceeding 0.065 sec was excluded from analysis.
Left ventriculography was performed in the RAO position after the manual injection of 10cc Renografin-76. The ventriculograms were recorded on 16 mm film with a single plane cine fluorographic unit and images representing consecutive end systole and end diastole were later traced. Each heart tracing was divided into anterior (A) and posterior (B) portions by a line drawn from the midpoint of the aortic valve to the left ventricular apex and the respective systolic and diastolic areas of A and B determined planimetrically before and one hour following coronary ligation. By comparing the change in areas from diastole to systole prior to and following coronary occlusion, an index of regional (anterior vs. posterior) ventricular function was estimated and expressed as percent change in area A or B with coronary ligation.
The chest was closed 30 min after coronary occlusion with chest tube drainage connected to an underwater seal. One hour after occlusion, 2OmCi of "mTc-glucoheptonate (TcGH) (supplied by New England Nuclear) was injected intravenously and images of the myocardial uptake of the radiopharmaceutical were obtained on a Picker Dyna Camera 2C gamma scintillation camera with a low energy, high resolution collimator. Imaging was performed immediately prior to sacrifice, either 8 hours (5 dogs) or 24 hours (5 dogs) after occlusion (7 or 23 hours after injection).
After sacrifice, the hearts were removed, imaged in an approximately anterior-posterior position and sectioned horizontally at 1 cm intervals in an axis perpendicular to the interventricular groove. The slices were then imaged and immediately thereafter incubated in buffered nitroblue tetrazolium (NBT), a yellow diformazan salt which turns blue in the presence of dehydrogenases and thereby stains the exposed surface of normal myocardium blue. Infarcted myocardium which is depleted of dehydrogenases remains unstained.'7 Thus, the borders of an infarct were clearly delineated in each slice.
Kodachromes of the stained slices were projected on tracing paper and the perimeters of the infarct and normal myocardium were traced. The fraction of each slice occupied by the infarct was determined by planimetry and this fraction times the weight of the slice gave the weight of the infarct in that slice. The total weight in grams of the infarct was calculated as the sum of the weights in each slice ( fig. 2) . Scintigraphic infarct size in cm2 was determined by planimetry of the projected cross-sectional area of radionuclide uptake on the right anterior oblique (RAO) projection and corrected to life size. Left ventriculography demonstrated a decrease in anterior wall contractility from 44 ± 5 to 22 ± 5% (P < 0.025) whereas that of the posterior wall of the left ventricle remained essentially unchanged from 30 fact that the point of coronary ligation was approximately the same in each animal. Myocardial imaging in these surgically instrumented animals with median sternotomies was possible in nine of ten experiments. A large hemothorax obscured the entire left chest in a single case, precluding accurate TcGH scanning. Examples of scintigrams of small (5.1g) and large (17.9g) infarcts are shown in figures 5 and 6. The TcGH uptake is shown clearly just above the liver. The surgical incision labeled "scar" is only faintly visualized. Epicardial STsegment mapping and in vivo scintigraphic infarct size determined from the RAO projection were shown to correlate closely (r= 0.85) as demonstrated in figure 7. Scintigrams of the excised hearts showed intense TcGH uptake over the antero-apical region of the left ventricle. The heart slices measuring about one centimeter in thickness showed the increased uptake to be concentrated in the anterior wall corresponding to the anatomic extent of the infarct as documented by NBT myocardial staining ( fig. 8) . That the nitroblue tetrazolium technique accurately delineated areas of recent myocardial infarction was confirmed by histological study of the same tissue ( fig. 9) . The correlation between in vivo scintigraphic infarct size and infarct weight at autopsy was excellent (r -0.94) as noted in figure 10 .
Discussion
Recent studies have shown that various pharmacologic and mechanical interventions including intra-aortic balloon counterpulsation,j8 19 corticosteroids,20 hyaluronidasell and nitroglycerin21 can reduce the size of experimentally produced myocardial infarcts under certain conditions. Whether these interventions will be as effective in man is unclear. In order to evaluate these and other therapeutic interventions in patients, however, objective and reliable methods, preferably although not necessarily noninvasive, which accurately determine infarct size and differentiate areas of ischemia from areas of necrosis, must be developed.
The selection of patients for surgery might also be influenced by the development of methods which identify myocardial necrosis. Epicardial mapping appears to reflect injury to myocardial cells rather than areas of hypoperfusion, and this characteristic allows an objective means of comparing different postmyocardial infarction groups with variable coronary artery anatomy and of determining their response to interventions aimed at reducing infarct size. Predicted size on the basis of 15 minute epicardial ST segment mapping can be compared with measured infarct size after intervention and correlations made to determine the efficacy of a given therapeutic regimen. Precordial ST-segment mapping, although shown to correlate well with epicardial mapping in the experimental animal,'5 has not been uniformly successful in man," and further investigation is needed to determine if this modality may be useful as an indicator of myocardial damage in clinical studies. Our finding that infarct size was similar whether measured 8 or 24 hours after coronary ligation suggests that when blood pressure and heart rate remain at pre-infarction levels most of the myocardial necrosis that might occur during the evolution of an acute infarct is already determined by 8 hours after coronary occlusion. This supports the concept that the early hours after myocardial infarction are the critical ones during which interventions to decrease infarct size should be applied.' 7 28 Ventriculography has been used as a means of evaluating ventricular function and localizing specific areas of abnormal wall motion.'9 This study was not designed to determine whether an area of dyskinesia represents nonreversible myocardial damage but there is strong evidence that in fact paradoxical wall motion does not necessarily mean that cell death has occurred.'0 It is, therefore, not surprising that the correlation in this study between abnormal ventricular wall motion I hour after coronary occlusion and infarct weight determined at autopsy was relatively poor. Nonetheless, localization of ventricular wall motion abnormalities can be accurately detected by ventriculography and in conjunction with other hemodynamic data can aid in determining the degree of functional myocardial impairment.
Myocardial infarcts as early as 8 hours old are frequently visible grossly but the borders are not clearly defined. The nitroblue tetrazolium technique, however, provides an ac- In conclusion, acute myocardial infarct scintigraphy provides a direct noninvasive assessment of the presence and extent of acute myocardial necrosis. The radiopharmaceutical agent used most frequently in coronary care units for infarct detection, I'mTc-pyrophosphate, has been reported to result in better quality images than TcGH,'5 but uptake in bone structures can obscure the limits of the infarct with this agent and most commonly 12 to 24 hours must pass after coronary occlusion before reliable scans can be obtained."1 Imaging with TcGH has strong potential for providing accurate information about the size of an infarct very early in its course, when therapy can be most effective in preserving myocardium. TcGH scintigraphic infarct size correlates well with both predicted myocardial damage (epicardial STsegment mapping) and determined infarct weight at autopsy (NBT myocardial histochemical staining). 
